INTRODUCTION {#sec1-1}
============

*Zizyphus joazeiro* Mart., (Rhamnaceae), a tree growing in Northeastern Brazil, is widely used in traditional Brazilian medicine for the treatment of fever, chronic bronchitis, gastric ulcers, blood diseases, and headaches,\[[@ref1]\] and its barks bioproduce betulinic acid (BA).\[[@ref2][@ref3][@ref4]\] BA has a range of biological activities that can be used in the treatment of Type-II diabetes, obesity,\[[@ref5]\] and cancer.\[[@ref6]\] Recently, this triterpene pentacyclic has drawn attention due to its use as a raw material in the synthesis of numerous potentially active compounds, mainly against human immunodeficiency virus.\[[@ref7][@ref8][@ref9][@ref10]\]

In the extraction process, the selective solubility in an organic solvent coefficient is a significant effect in the design and optimization of the separation of natural products. Chebil *et al*.\[[@ref11]\] showed that the solubility of flavonoids (quercetin, isoquercitrin, rutin, chrysin, naringenin, and hesperetin) was strongly affected by both the nature of the solvent and the flavonoid structure. The conventional extraction with organic solvents, such as static maceration or reflux, is widely used to obtain triterpenes. However, there has recently been an increasing demand for new, more efficient, economical, and eco-friendly extraction techniques. Examples of these techniques include the use of microwave-assisted extraction (MAE),\[[@ref12]\] ultrasonic extraction,\[[@ref13]\] supercritical fluid extraction,\[[@ref14]\] and pressurized solvent extraction.\[[@ref15]\]

MAE offers a rapid delivery of energy to the total volume of a solvent and causes rapid heating due to collisions with surrounding molecules.\[[@ref12]\] In a previous study on the extraction of BA from *Z. joazeiro* bark by maceration, reflux, and focused MAE (FMAE) were compared.\[[@ref16]\] This paper describes the optimization of FMAE of BA \[[Figure 1](#F2){ref-type="fig"}\] from the same plant using the response surface methodology.

![The chemical structure of betulinic acid](PM-13-226-g002){#F2}

MATERIALS AND METHODS {#sec1-2}
=====================

Reagents and equipment {#sec2-1}
----------------------

The ethyl acetate and ethanol used were analytical grade (Synth-Brazil^®^). The BA that was used as a standard was purchased from Sigma-Aldrich^®^. High-performance liquid chromatography (HPLC)-grade methanol and acetonitrile were purchased from Vetec^®^. A Milli-Q System^®^ (Bedford, MA, USA) was used to purify the water. FMAE was performed using a discover microwave system (CEM), which operates at a maximum power of 300 W. The system provides constant feedback control of the extraction temperature through the continuous monitoring of the solvent temperature in the control vessel. The quantification of BA from the samples treated with FMAE was carried out by means of HPLC. The HPLC apparatus was equipped with a VRW HITACHI L-2130 pump, a VRW HITACHI L-2300 diode array detector and an auto sampler with a 100 μL loop. The data acquired were processed using the Ezchrom Elite software (Agilent Technologies Inc., California, USA).

Plant material {#sec2-2}
--------------

Barks of *Z. joazeiro* Mart., Rhamnaceae, were collected in Feira de Santana, state of Bahia, Brazil, in 2008. A voucher specimen (HUEFS 61790) was deposited at the Herbarium of the State University of Feira de Santana, Brazil.

Experimental design {#sec2-3}
-------------------

The results obtained in our laboratories prior to the preliminary extraction of the BA from *Z. juazeiro* were used here for the decision on the choice of the variables.\[[@ref16]\] Thus, the two variables (temperature and extraction time) were monitored using a full two-level factorial design \[[Table 1](#T1){ref-type="table"}\] for the BA extraction. Three repetitions of the central point (c) to a total of seven experiments were performed to estimate the possible pure error, and the experimental treatments were varied randomly to detect the presence of possible systematic errors. The regression analysis allowed the obtaining of the mathematical model:
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The coded (-1; +1) levels were used for each independent variable: The -1 level corresponds to the lower value of each variable and + 1 to the upper one. These limits were selected on the basis of previous studies\[[@ref16]\] and the optimization procedure was carried out within these domains. Concerning the Eq. 1: *Y* is the predicted response, *X*~1~ and *X*~2~ are the independent variables, b~0~ is the offset term, β~1~ and β~2~ are the linear effects, β~11~ and β~22~ are the squared effects, and β~12~ is the interaction term. All the calculations and graphics in this work were performed using the Statistica^®^ software, including the analysis of variance for the responses of this study. The efficiency of the extraction was calculated as follows: Percentage of extraction (w/w) = mass of extracts/mass of dried material (bark) ×100. Each sample (1 g) was placed in a 100 mL flat-bottomed narrow-neck flask topped by a vapor condenser and suspended in ethyl acetate (30 mL).

Reversed-phase high-performance liquid chromatography-diode array detector quantification {#sec2-4}
-----------------------------------------------------------------------------------------

An aliquot of 20 μL of each sample was injected into an HPLC column (Purospher STAR^®^ RP8e column, 250 mm ×4.6 mm, i.d., 5 μm particle size), and elution was carried out using an 80:20 acetonitrile:acidified water (with 0.05% phosphoric acid) solution at a flow rate of 1 mL/min in a 35°C oven. The eluate was monitored at a detection wavelength of 205 nm. The chromatographic conditions were based on those used in previous studies; however, some modifications were made to enhance HPLC separation.\[[@ref17][@ref18][@ref19]\] The procedure was repeated three times for each sample. Samples precisely weighed obtained using the FMAE technique were dissolved in methanol in an ultra-sonic bath for 10 min and filtered through a 0.45 μm filter before injection. The method was validated by an external calibration curve using standard BA solutions prepared in methanol in ten different concentrations, ranging from 0.01 to 0.1 mg/mL. Each solution was injected three times, and the curve was constructed on Microsoft Office Excel 2007 using the average of the area.

Linearity {#sec2-5}
---------

The linearity was checked by preparing standard solutions of BA at 10 concentrations ranging from 0.01 to 0.1 mg/mL. A calibration curve was plotted using the standard BA data, which resulted in the equation *y* = 41307171.5152x + 88910.6667, which was found to be linear (*r*^2^ = 0.9979) in the specified concentration range. The detection and quantification limits were also calculated on the basis of signal-to-noise ratios of 3 and 10, respectively; the detection limit was 0.002 mg/mL, and the quantification limit was 0.013 mg/mL.

Precisions and accuracy {#sec2-6}
-----------------------

Intra- and inter-day measurements were utilized to determine the precision of the assay method developed; these measurements were conducted using three different working solutions prepared with standard BA (0.02, 0.04, and 0.08 mg/mL). Each solution was injected into the HPLC apparatus in triplicate, and variations were expressed by the relative standard deviations (RSD). The accuracy was expressed as the agreement between the set reference value and the measured value (96.84, 92.88, and 93.54%). The calculated RSD and accuracy values were well within the accepted limits.

The chromatograms of the extractions obtained though FMAE and the standard BA standards show a separate distinct peak for the BA. The retention time for BA was the same for all samples analyzed, which emphasizes the specificity of the HPLC method.

Specificity {#sec2-7}
-----------

The specificity was determined through the analysis of all chromatograms, where the chromatographic peaks of BA were confirmed by comparing their retention time, ultraviolet (UV) spectra, and purity. The specificity of the method was also determined by comparing the UV spectra of the standards and the FMAE samples. All of the samples analyzed showed the same profile of absorption at 205 nm. To further improve the specificity of the method, the purity of the peak was calculated by overlaying the UV spectra in three different regions, which showed similarity values above 0.99.

RESULTS AND DISCUSSION {#sec1-3}
======================

[Figure 2](#F3){ref-type="fig"} shows the chromatography profile by means of HPLC-diode-array detection (DAD), and it was possible to confirm that the ethyl acetate solvent showed a clean extraction to BA using FMAE when compared with ethanol. Thus, to evaluate the optimum experimental conditions for the BA extraction by means of FMAE, we employed a factorial design to assess the influencing factors that are involved in the yield: Time and temperature. The calculated *F* = 21.01 obtained from the ratio 1.1210/0.05356 was greater than the tabulated *F* = 9.27 for 3° of freedom at the 95% confidence level (*F* 0.95; 3; 3), indicating that treatments are significantly different. The highest BA yield (3.33 mg/g of plant) was obtained when barks of *Z. joazeiro* were extracted at 75°C for 15 min \[[Table 1](#T1){ref-type="table"}\]. The second-order polynomial equation that represents the behavior of the yield of BA was obtained, describing the response surface contour lines (Eq. 2).
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![High-performance liquid chromatography-diode array detector chromatogram of betulinic acid extraction employing ethanol (upper) and ethyl acetate (down)](PM-13-226-g006){#F3}

The contour lines on the top surface \[[Figure 3](#F4){ref-type="fig"}\], corresponding to the experiment 1 \[[Table 1](#T1){ref-type="table"}\], show that the BA values, predicted by the model, increase substantially with the temperature increase and that is consistent with the positive value of the coefficient *X*~1~. The absolute difference between the coefficients *X*~1~ and *X*~2~ indicates that temperature contributes positively, about two times more regarding the extraction time. The negative interaction X1X2 indicates that there is no synergism between the extraction time and temperature and that the linear model (Eq. 2) is superior to the quadratic model.
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As for the temperatures, elevated temperatures should result in higher extraction efficiencies because they give the solvents a greater capacity to dissolve the analytes. Surface tension and solvent viscosity also decrease with temperature, improving matrix penetration.\[[@ref20]\] The BA yields are changed as temperature increases. The results reveal that under 65°C, the yield of the 20 min extraction is almost double that of the 10 min extraction. As the temperature is increased, the percentage yields of BA become more similar, regardless of the extraction time. The results obtained confirm that the ideal parameters in this study are those with intermediate values.

In accordance with the information described previously in the experimental design, for a 10 min extraction time, when the temperature is below 65°C, the yield is about 2.3 times lower than when a temperature of 75°C is applied. If the irradiation time is extended with additional 10 min, the extraction yield maintains the same average, suggesting that the time of extraction can be reduced. That was also observed in the extraction of triterpenoid saponins from *Ganoderma atrum*, where the recovery of saponins decreased when extraction time was increased beyond 20 min.\[[@ref20]\] Based on the results so far, 15 min was found to be an optimum operating time for the FMAE of BA from *Z. Joazeiro*.

The microwave energy reaches and exceeds the boiling point of the solvent in a matter of seconds, negatively affecting the reaction. For this reason, the maximum temperatures were previously defined. In a focused microwave apparatus, as the temperature reaches the value set, the power is reduced so that the extraction reaction does not exceed the maximum temperature point.\[[@ref21]\] The power then remains at a lower level to maintain the temperature set for the entire reaction. [Figure 4](#F5){ref-type="fig"} shows the power utilized in all experiments, and one can note that a minimum of a 2 min reaction time is necessary to achieve the temperature set. That is a long time for a typical microwave reaction; however, ethyl acetate is a low microwave-absorbing solvent, which means it takes much longer to be heated.

![Monitoring the focused microwave-assisted extraction power](PM-13-226-g008){#F5}

The response of the extract yield is an important parameter in industrial processes because the extraction and subsequent separation are the steps that involve higher costs, and the higher the yield of the process, the greater the concentration of the product of interest.

CONCLUSION {#sec1-5}
==========

The extraction of betulinic acid from *Z. joazeiro* using focused microwave was optimized by the central composite experimental design. This study proves the suitability of the focused microwave-assisted extraction as a rapid, clean and efficient extraction procedure. Although these facts can be rationalized, the best temperature and time of extraction are 70°C and 15 minutes, respectively.
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